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Japanese Unexamined Patent 

Laid-OjUn No. 57-118355 
I.aid-<4en D *te: July 23r 1982 
Application No. 56-3 l40 
Application Date: January l4 , 198l 
Applicant: Toshiba corp. 

. SPECIFICATION 

1. Titjje of the Inv e „ t i 0n 

F*^AT— PANEL DISPLAY DEVICE 

2. Claims 



elects „a„ in , holes , c 3 »~» ° f Pl- ar 

~H«« - cathodes : ; ~— * - 

' sa *u group of hoi- o=»*k > 

stacked alternatelv . h cathodes and ; 

on t L ; Pa " el * «~— t 

cne las t electrode of 

said fluorescent plane. 
(3) A flat-panel display device ao~, 
"herein- said according to claim 1, 

ein sald means capable ~ 

u to . ° f P "™""* the dtift 
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conductivity to wall surfaces of said holes of said 
insulating spacers. 

■ (3) A flat-panel display device according to claim 1, 
wherein said means capable of preventing the drift 
Phenomenon is to give a predetermined resistance value to 
said I insulating spacers and to impart a predetermined 
elecjric conductivity to wall surfaces of said holes of said 
insujating spacers. 

j (4) A flat-panel display device according to claim 1, 
wherein said means for preventing the drift phenomenon i 8 ' t o 
form a tin oxide film on the surface of said insulating 
spacers including said holes and to give a predetermined 
electiric conductivity to wall surfaces of said holes of said 
insulating spacers. 

| (5) A flat-panel display device according to one of 
claims 2 to 4, wherein said predetermined electric 
conductivity allows a current within a range of 10,iA to 
O.OOfrA to flow through the wall surfaces of corresponding 
holes; of said insulating spacers when 10V is applied between 
said ielectrodes sandwiching said insulating spacers. 
3. Ddtailed Description of the Invention 

|The present invention relates to a flat-panel display 
device utilizing thermoelectronic emission, and more 
particularly, to an electronically accelerated flat-panel 
display device which controls and accelerates electron beams 
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emitled from a groop of hot cathodM by a ^ ^ 

electrodes having a lot of „ oles ^ ^ 
Pixels on a flat fluorescent plane emit light. 

jconventionall,, a cathode ray tube Is ra lnl y „ sed ln . 
display device for television or display of various 
Characters and fibres. Although the display with the 
cathdde ray tube is excellent in brightness, response speed, 
simplicity of scanning, resolution and the like, it has the 
disadvantages of a large depth in comparison with its image 
area and a relatively short useful life. 

jin recent years, since a small-power electron tube for 
signal amplification „as replaced with a se„ico„d„ctor 
devide, it has been widely expected that the cathode ray 
tube wax be also replaced with a 5 „iid display device 
similar to the semiconductor, which overcon.es the above- 
mentioned disadvantages. A device utilizing the electro- 
luminescence phenomenon „ as bee n st udied for many yea rs as 
t»e dlosest device to the solid display device, and has been 
partially put into practical use. Purthennore, liouid 
crystal, el.ctrochromics and the lUe have been developed 
such ps to be applied to a flat-panel display device. A 
device -hich does not use these solid and liquid, but uses 
Plasma discharge in a vacuum envelope for light emission in 
a similar manner to the cathode ray tube, has been also 
develbped as a flat-panel display device, and particularly 
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put i„ to practical use to display characters. 

j However, the above-mentioned potent flat-panel display 
devite clearly differs fro. the cathode ray tube in 
Performance such as li ght emission efficiency and response 
spee|, and cannot substitute for the cathode ray tube as a 
display device for television which requires the nicest 
Performance. On the other hand, under the existing 
circumstances, the demand for a flat-panel display device 
having a higher performance and a larger screen than before 
has Increased with the advance of information associated 
with I the increasing range of uses for computers and the 
increase in performance of television broadcasting. 

■An electronically accelerated flat-panel display device 
has * basic structure disclosed in, for example, U.S. 
Patexfts Nos. 2965801, 3408532, and 3935500. m this 
structure, a plane electron emission source is provided, 
electron beams are emitted from the electron emission source 
-to ;a vacuum, and controlled by the combination of voltages 
applied to a group of planar electrodes having a lot of 
holes, given energy by being accelerated by an acceleration 
voltajge to be applied in the later step, and made to i mpin g e 
against predetermined pixels on a flat fluorescent plane 
opposjed^to the plane electron emission source, thereby 
-Kink, the pixels emit light. These basic materials and 
Physiol principle are equivalent to the cathode ray tube in 
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that! accelerated electron beams ma*e the fauo rescence ^ 

-it, light. »u. the a(oresald elect „ lurolnescence Md 

need to wait £or futaM development o£ in „ ovatlve 

T** " at - p »" el di *">^ ""ice is. at pre se„t, 

the *,„ly device that can ta k e over and achieve high light 
emission efficiency of the cathode ray tube. Asa ' 
conventional electronically accelerated flat-panel display 
devite, . cold cathode, a hot cathode shaped like a thin 
Ul-lb.lt on an in s„l,ti„ 9 substrate, and the like are used 
and tlhese have probes i„ ratability, power consumption, 
drivjng method and so on. Mthoogh a small-screen flat- 
pane, display device has been prototyped experimentally 
Cathie ray tubes are now still mainly „sed in a blac k -and- 
whita television device, a color television device and other 
rmagd display devices of a computer device and the like. 

[The present invention has been made in view of the 
abovd-mentioned various problems, and ,„ object thereof is 
to provide a flat-panel display device which has advantages 
Of hijgh reliability, small power consumption and easy 
drivltag and is suitable for large-screen display. 

iln other words, a flat-panel display device of the 
present invention comprises a group of hot cathodes laid on 
a reat substrate through a spacer and arranged regularly to 
substantially form a plane. , group of planar electrodes 
havi„ B holes at positions corresponding to respective hot 

i 
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cathobes in the group of hot cathodes and laid one on 
another through platelike insulating spacers with holes, and 
a flak panel laid on the last one of the group of planar 
electrodes through rodlike insulating spacers and having a 
f luorescent plane adhering thereto, wherein thermoelectrons 
emitted from the respective hot cathodes are controlled and 
accelerated by the group of planar electrodes to make 
predetermined pixels on the fluorescent plane emit light, 
and what is called a drift phenomenon causing variation in 
contrbl voltages of first and second electrodes, opposed to 
the gtcoup of hot cathodes, with operating time during 
operation of the flat-panel display device is prevented. 

jAn embodiment of a flat-panel display device according 
to thje present invention will now be described in detail. 

|Pig. 1 is an outward perspective view of a large-screen 
flat-jpanel display device (1) having a width across corners 
of abjout 1.2m, which comprises a protecting plate (2) formed 
by a ^transparent plastic plate, a glass plate or the like 
and Itocated on a flat panel having a fluorescent plane 
adherjing inside thereof, a support member (3) shaped like a 
Pictujre frame on the periphery of the protecting plate (2), 
and attachment hole portions (5) provided on a flange 
portijon' (4) of the support member (3). 

jThe internal structure will now be described with 
referjence to Figs. 2 and 3. in the flat-panel display 
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device (i>. a spacer (9> i s fixed to a rear 3ubstrate (8) 
made jof a metal plate or the like for forming a rear 
envel-ope, by which * space for getter is form ed. A support 
Plate" (10) having holes (10a) and made of metal or the like 
and ap insulating support plate (11, made of an inorganic 
material such as glass and having holes (lla) are laid on 
the spacer ( 9) . „ eater support ^ ^ 

betwejen pixels of the second insulating support member (11, , 
which; will be described later, and each composed of two 
ribbohlike supporters (12a, and (12b, at least one of which 
being! made of a conductive member. One of the supporters 
(12a,^ is fixed to the second support member (11) by 
unillust rated soldering glass. The supporters (l 2a , and 
(12b) Constitute feeder electrodes for heating hot cathodes 
(13) (referred to as ~coil heaters" hereinafter, formed by 
applying a thermoelectronic emission substance on at least 
Predetermined portions of coil heaters of about 2 . W . and 
spatially support the coil heaters (13) . m this case, a 
voltage between both ends of each coil heater (i 3) ls about 
0.5V,; an extremely lower voltage than before, which is 
suitable for ic drive and consumes only small power. 

* first platelike insulating spacer (15, made of an 
inorganic substance and having holes at positions 
corresponding to effective portions of the coil heaters (13, 
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««k electrodes (16) ate lndepcndently arran9ed ^ 

«»f p l, t eli*e insulating spacer ^ ^ ^ 

aireftion c f the flat . pa „ el dispUy m ^ ^ ^ 

Pl.nj,r electee, The first electrodes (16) ^ ^ 
•16,,. „„ich have . llttle smaller dlamM6r ^ 
of the first platellke lnsolating spacer (is) _ ^ 
corresponding to the effectlve ^ 

< A second platellte insulating ^ 

the Above-mentioned first plat e llke Elating spacer (is> 
is lj.id on the planar electrode formed by the first 
electrodes <1 6) . and a lot of ^ 

<«, ere independent!, arranged on the second plateli.ce 
xnsul.ting spacer ,l„ in lh e horizontal (x, direction of 
the fast-panel display device ,1, to for» a planar 
electrode. T he second eiectrodes ue> have hoies (l8a , 
*i»it>r to the aforesaid holes ,16a, of the second 
electrodes (16) . 

I A third planar electrode ,20, having holes (20a, at 
Positions corresponding to the holes < l8 a, of the second 
electrodes ( 1S, is laid on the planar electrode f„r„ed by 
the Second electrodes (18, through a third platelike 
Instating spacer ,19, h a ving a lot of holes < l9a , . 

finally. a glass P l at e ,25, h a vi„g a fluorescent plane 
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<23, |»d h eri„ 9 to the w sorface thereof thio)igh _ 
-.M* I.,er «», to for „ pixills (24) is lai(j ^ thiM 
elecdrode ,20, ^ £oorth rodlUe lnsuiating am 
<2», The „ unlber of the pixels (2<) a[>d ^ ^ 

^ ^ coil beaters .„„ thir<| eiectrode 

(20) [corresponding to the ni»«) c 

, o cne pixels (24) each are about 250KP 

in bJjack-and-white dis D la« = „ , . 

. axspiay, and about 750KP in color 

displjay. 

jxhe .bove-stmctnred flat-panel display device (i) ^ 
the s^est electro „ ic acceleration strocturei ^ 

Pixelt a „d cathode* are in , one _ to _ one comtpom&mm 

therMoelectrons from the coil headers n , 

, on neaters 13 are controlled by 

the first electrodes U6,, tbe second electrodes , nd 
the third electrode „„,. accelerated by the third electrode 
U0, and the metal-baOced layer to unicn high volt . ge 

« applied, and mad. to i„pi„ 9e 0 „ the pixels l24) „ ade of . 
fluorescent substance. 

»he„ such a flat-panel display de„iee is operated, „„at 
x. cabled the drift pneno^non. in whic h control volta 9 e S by 
the first electrodes ,16, and the second electrodes ,18, 
vary |,it» the liobtin, time, ls sometimes fonnd. „, « 
sho„sjthis phenomenon. Wben tbe voltaoe „ £ the first 
electrodes ,16, is indicated „ y ^ ^ ^ ^ 

voltage or the second electrodes ,1S, ls indicated by the 
horizontal a „is, „ hat is called the cnt-off characteristic 
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in which electron f> rtl . . 

«o» does „« reach the £luorcscent plane 

« 3 own by . llne iiTCd±ateiy after U9hting ^ 

' l9h " n9 OPerati °" is «-**«— ten „i„„tes, the 

-t-« £ v „na 9 e apptoache5 zeto as shoim fcy m iine (a _ a 

Furthermore, whpn 

j wnen the passage of all current o - 

t currents is stopped, 

he ? o P state is held for _ tM minntes; 

«- is o P eratea agaln , the charactetlstlc recovets 

the dharacteristic snow „ by ^ ^ ^ ^ 
Wa^tlon o£ thi3 cause res>iited ^ ^ 
exec,*™ adhere onto „ alls of hoies <i5a)< ^ 
»a » o t the ins „ latlllg spacers (15) (i7) bet ^ en 

the ajXectrodes fron the eoi! neaters «,„ to tne thitd 
ex=c ^ode, and cha „ ge space charge and tfte ^ ^ 

« «je«h y drl£ted - '» -as. „ h e„ the o P e„t in9 

-ft- 1. ^d. since electro „ s aM fliied ^ raiis Md 

force! f« reoenin, the flo „ of electron ^^^^ 

cut-ojff voltaa^ f a n«> ^ 

^ "age fail,. Dn the 0[her ^ ^ ^ 

operation state i. „ eld , the electFO „ s _ ^ ^ 
0- rfcea, slo»X y , and the cut-o« characteristic tec „„ s 
« «* reaped that the drift P he„o„e„„„ is , TOid ed by 
-«* the i„„e r „ aUs of at least hoies (i5a> 

a-- ,j. 9 a, o f the ineu la ti„ g spacers (15) , ,„,- a „ d m) ^ 

.ondective a coontermeasure ^ ^ ^ 

adherjing electrons. 

!*- " the ln „er „ alls of t „ e „ ole5 (i5a> 

r i 
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and (jl9a) of the insulating spacers (15), (17) and (19) are 
thus hade conductive, leakage current between the electrodes 
increases by an amount corresponding to the conductivity. 
Howevjer, as a result of experiments it was verified that, if 
the ajdjacency of one hole between the coil heaters (13) and 
the tihird electrode (20) is regarded as one electron gun, 
the operation characteristic of the flat-panel display 
devicje (1) is prevented from bad influences by setting the 
leakajge current between opposed electrodes or between, the 
electlrode and the cathode at less than lOpA. 

The effects of imparting conductivity to the inner 
wallsj of at least the holes (15a), (17a) and (19a) of the 
insuljating spacers (15), (17) and (19) or the insulating 
spacejrs (15), (17) and (19) themselves are found almost 
equivjalently between the coil heaters (13) and the first 
electjrodes (16), between the first electrodes (16) and the 
seconjd electrodes (18) and between the second electrodes 
(18) land the third electrode (20) . Therefore, it is 
prefefrable to apply this to all of these components. 
Howevjer, even an application to, for example, only between 
the coil heaters (13) and the first electrodes (16) has an 
ef feqt in decreasing the drift.") In this case, if the 
insuljating spacers, (21) betweei/ the third electrode (20) and 
the njetal-backed layer (23) (as an accelerating electrod^ are 
also (made conductive, the deflection of the electron flow 
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due tjo the surface charge is eliminatedUd a good influence 

can ije exerted on image quality. ) I 

!As a means for making the above-mentioned insulating 
spacdrs a little conductive, for example, electronically 
conductive glass or ceramics may be used as insulating 
spacers. However, as a component of the flat^panel display 
devide which requires a large area and fine working, it is 
more (realistic to form conductive films on inner walls of 
hole** of an insulating spacer made of normal glass or- the 
like^jj Experiments revealed that a conductive film mainly 
containing tin oxide served this purpose. As a method of 
formijng this conductive film, for example, a glass 
insulating spacer having a lot of holes may be soaked in a 
butarjol solution of octyl tin <a concentration of 
approximately 0.1M/1), puUed up slowly, dried, and then, 
calcijned at 450 'C in an air atmosphere. in this method, the 
resistance of the wall of the hole having a diameter of 
0.5mnj<» and a thickness of 0.3mm was 10<*i to lOioft. 10v 
was ajpplied, a current value of 10 to O.OOlpA was obtained. 
Othexj materials such as S n -S b and S n -I n could obtain similar 
resuljts. m this case, an organometallic salt, such as a 
butoxjy compound, was added as an additive component to the 
afore-said tin solution by an amount within a range to 
0.05H/Kg. 
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ks another means for obtaining the above conductive 
film, j for example, an oxide film is formed by applying vapor 
from tin chloride or an organic compound to an insulating 
space): having heated holes to be decomposed. Since the 
resistance frequently becomes too low in this case, it is 
necesfeary to strictly manage the composition and adhesion 

condition of the film. 

i 

! 

flat-panel display device assembled by using the 
insulating spacer thus obtained caused no drift phenomenon 
of thfe cut-off characteristic and could obtain a display of 
extrenely high quality. 
4 . Brjlef Description of the Drawings 

Fig. 1 is a perspective view showing an outward 
appeajrance of an embodiment of a flat-panel display device 
according to the present invention. Fig. 2 is a perspective 
view explaining the internal structure of the flat-panel 
display device shown in Fig. 1, Fig. 3 is an enlarged cross 
secti0nal view of the principal part of the flat-panel 
display device shown in Fig. 1, and Fig. 4 is an explanatory 
view Showing an example of a drift phenomenon of the cut-off 
characteristic in a case where voltages to be applied to 
f irstj and second electrodes are respectively indicated by 

i 

the vertical and horizontal axes. 

|b _ a rear substrate 13 _ coil heaters 

|15, 17, 19, 21 insulating spacers 
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16 „ first electrodes 18 _ second electrodes 

a third electrode 22 _ a metal-backed layer 
124 _ pixels 25 _ a flat panel 



<20 
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